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string theories
- Can stabilize the Higgs mass
- Provide a dark matter candidate

ED should not be visible to us
- Compactification is a solution
+ Only gravity propagates in 3+d

V(R =G, mm, _ 1 mm,

r (MM)2 r

SUSY 09

Large Extra Dimensions

Extra dimensions (ED) are predicted by

Each point has additional
dimension(s) attached to it

Fundamental scale (M) =2 TeV
R~ 0.1mm (1 fm) for d=2 (6)

r<<R V(r)=— "M
(M) "
1 m,m. 1
V(r)= p—
r > R ( ) (MD)n+2 R" 7
(MpL)? ~ R"(Mp)?*"
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LED at the Tevatron

Direct production 2an
oy + O (y + MET + nothing else) GNI/(MD)
. jet + D (jet + MET + not much else)
> signal and bkg. enhanced by aqcp/ Aqep

v + J selection:
. central y E; >90 GeV, |n| <1
« No jets E; > 15 GeV, tracks P > 10 GeV

jet+ selectlon g g
. Leading jet E; > 150 GeV 9

2" Jeading jet E1(2) < 60 GeV , "i >
« MET > 120 GeV, away (in @) from any jet q- G

« No isolated tracks (P > 10 GeV)
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v+ J Signature

Many models predict
something interesting iny + &

sLarge Extra Dimensions

s SUSY Gravitinos

sLong Lived Heavy Particles

aZy couplings

[* ] Missing Et Particles: first 5 Jets(R = 0.7): first 5
maw .
Et=66.0 phi=4.5 pcky pt phi eta Em/Tot et phi eta
Jet Collection 22 2.5 3.1 -0.7 1.1 72 1.2 0.2
JetCluModule 11 0.2 > 0.1 0 1

Simple hard signature
scosmic rays (cut using timing, ID, topology)4
.beam effects (cut using topology) y
»detector effects
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@ Non-Collision Backgrounds

cosmics
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Cosmic Rejection

Hopeless without timing
Photon in time (20) : ~20 reduction

|
ll[l[ ———————

3 reconstructed tracks: ~3

Events/Bin

Cosmic Rejection Cut: ~10

b b b b b b b 1y .
-20 0 20 40 60 80 100 120

Before Cut
Photon Time (ns)

After Cut

Events/Bin

All cuts — 600 times redu :

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

|

20 0 20 40 60 80 100 120
Photon Time (ns)

Cosmics are still 20% of the total background
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v + J Results

CDF RunllI Preliminary, 2.0 b=t

Channel

YET > 50 GeV ~ET > 90 GeV

LI | LI | L | L | LI I L | 1

CDF Run Il Preliminary, 2.0 fb"'

W —e—n~ |473+51 26+ 04 10° B oy
W — p/T =~ 191+ 42 1.0+ 02 c vy losty .
Wy =y —7 3314102 L7412 @ e
Wr — ey —~ |80£30 0.8+ 0.7 2 — ADD n=4 m=0.8 TeV
Wr — 7y —~ 176 & 1.6 2.54 0.2 o 10g
Ny — 189423 2.34 0.6 e E
cosmics 36.4+ 25 984+ 1.3 -
Zy — vvy 99.7 £ 9.5 2524+ 2.8 i
Total 280.1 + 15.7 46.7 + 3.0 1=
Data 530 10 40 60 80 100 120 140 160 180 >180
Photon E; (GeV)
l T T ] . . . ¥ _J_
SR ) mO— CDF Run Il Preliminary CDF RunlI Prehr:nna.r}-, 2.0 1b
: —CoF 4k, oW N LED a (%) o5, b M%* GeV
= B COF Jet +E, (1.1f07) : :
. A 2 72 847 1080
T 12 - eo ey o
5 ] 3 7.2 84.7 1000
1 ] = -
30 i 4 /.6 80.4 970
= 5 7.3 82.7 930
> 3 4 5 5 6 7.2 84.4 900
Number of Extra Dimensions
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Jet + O Results

M, Lower Limit (TeV)

Background Expected Events 2001 — ————
Z 9 VV 390 + 30 130; ——— SM Prediction
W =>1v 187 + 14 1602— ——— SM + LED (n=2,M,=1TeV)
W = uv 117 +£9 § 140 ] CDF Il Preliminary (1.1 fb™)
W>ev 58 + 4 > 120, t
Z>11 6+ 1 g 100
QCD 23 +20 T %
y Jet 17+5 ooF
Non-Collision 10+ 10 “or
20
Total Predicted 808 + 62 :5 7 | | .
Data ObSGI’VCd 809 100 150 200MiSSi¥‘590ET (G:g{?) 350 400
________ B coFll (1.1 )
: £ 00 (Run) n | My (TeV) R(mm)
: Z""% LEP Combined
CDF Il Preliminary 2 > 1.31 <0279
""""" 3 > 1.08 <3.15x 10°
4 > (.98 <1.01x108
5 >0.91 <3.20x 1010
' s L g . 6 > (.88 <3.16 x 10°!
Number of Extra Dimensions
4/09/2008 8
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Combined Limits

| | |
CDF Run Il Preliminary

-
(2]

W CDF Jetly +E,
— CDF y +F, (2017
B CDF Jet + &, (1.1fb7)
---- LEP Combined

-
H

|III|III|III|II

Mp Lower Limit (TeV)
0

2 3 4 5 6
Number of Extra Dimensions

e Limits from jet+& and y+& combined give better sensitivity
e Similar sensitivity in jet+& and y+& ford > 3

e Tevatron combination is en course

e NB: from Newton law tests My > 3.6 TeV ford = 2
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Outlook

« Direct production of LED graviton is explored

. Sensitivity to the fundamental mass scale is
Mp~ 1 TeV in direct production

« Looking forward to more data

D e
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